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[57] - ABSTRACT

The trigger circuit of an electronic flash device includes
a pulse transformer connected to a trigger electrode of
a flash tube, a capacitor connected to the pulse trans-
former, a thyristor connected in the discharge path of
the capacitor, and a control circuit for the thyristor.
This control circuit is provided with a low-voltage
trigger means for applying a trigger pulse to said thy-
ristor and further with a synchronous switch connected
therein so that the synchronous switch operates with a
low voltage. '

7 Claims, 5 Drawing Figures
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ELECTRONIC FLASH DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invéntion -
This invention relates to an electronic flash device,

and more particularly to a trigger circuit in the elec-

tronic flash device.

2. Description of the Prior Art

Conventional electronic flash devices known, for
example, in U.S. Pat. Nos. 3,591,829 and 3,805,278 gen-
erally employ a trigger circuit of the type in which an
electrical charge stored in a capacitor is caused to rap-
idly flow through the primary coil of a pulse trans-
former in response to the closure of a synchronous
switch provided in a camera side or of a trigger switch
of the electronic flash device, while a high-voltage
- pulse induced in the secondary coil of the transformer is
applied to the trigger electrode of the flash tube and
results in a discharge therethrough to emit a flash of
light. With such a trigger circuit, a high voltage is di-
rectly applied from the electronic flash device to the
synchronous switch of the camera, thereby giving a
disadvantage of damaging the contacts of the synchro-
nous switch by sparking or the like which may be en-
countered when the switch is opened or closed. An-
other disadvantage is that when a camera having an
accessary shoe and synchronous terminals arranged in a
common body is selected for use with a direct-connec-
tion type electronic flash device to make flash photog-
raphy, a high voltage is applied from the electronic
flash device to the synchro-terminals as well, so that if
the operator accidentally puts his finger to the synchro-
terminals, he will feel an electrical shock.

SUMMARY OF THE INVENTION

An object of the invention is to provide an electronic
flash device which has overcome the above mentioned

drawbacks of the prior art.
Another object of the invention is to provide an elec-

tronic flash device having a trigger circuit which results
“in low voltage application to both of the synchronous
switch and synchro-terminals of a camera associated
therewith.

A still another object of the invention is to provide an
electronic flash device which operates with an assur-
ance that the flash tube is fired only once at a desired
instant in time regardless of the successive accidental
closure of the synchronous switch.

Another object of the invention is to provide an elec-
tronic flash device with a trigger circuit constructed to
apply as a low voltage as less than 1.0 volt to the syn-
chronous switch or trigger switch therefor.

Still another object of the invention is to provide an
electronic flash device in which the semiconductor
elements of the trigger circuit are protected from dam-
ages.

gFurther more object of the invention is to provide an
electronic flash device in which the time lag between
the closure of the synchronous switch and the initiation
of firing of the flash tube is remarkably decreased.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a circuit diagram of a first embodiment of an
electronic flash device according to the present inven-

tion.
FIG. 2 is a similar diagram of a second embodiment

of the invention.
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FIG. 3 is a similar diagram of a third embodiment of

the invention. |
FIG. 4 is a similar diagram of a fourth embodiment of

the invention. |
FIG. 5 is a similar diagram of a fifth embodiment of

the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1, there is shown a preferred em-
bodiment of the electrical circuitry of an electronic
flash device according to the present invention as com-
prising a battery E as an electrical power source, a
direct current voltage booster circuit C connected
through a power switch S; to the battery E, a main
storage capacitor C, connected across the booster cir-

cuit C by way of a rectifier diode D,, these parts consti-

tuting an electric energy circuit, a flash tube L having
an anode electrode L, connected to a point on connec-
tion between one:side of the main storage capacitor C,

and the rectifier diode D,, having a cathode L, con-

nected to the other side of the capacitor C,and a trigger
electrode L,, a trigger circuit for the flash tube L, and
a control circuit for the tngger circuit.

The control circuit comprises a voltage divider of
series-connected resistors R; and R, and connected be-
tween the output terminals of the electrical energy cir-.
cuit, a Zener diode D, connected across the resistor R,
and providing a Zener voltage which is usually less than
10 volts but may be less than 1 volt, a capacitor C,
connected in parallel with the Zener diode D,, a pnp
transistor Q having an emitter electrode connected to
the output tap of the voltage divider R;, R,, and having
a base electrode connected both to a first synchronous
interconnection terminal or synchro-terminal T,
through a resistor R;and a diode D; connected in series
with each other and to a second synchronous intercon-
nection terminal or synchro-terminal T; through a ca-
pacitor C;, the first and second synchro-terminals T,
and T, being arranged in the casing wall of the elec-
tronic flash device to be connectable with the movable
and fixed contact leads of a synchronous switch S, of a
camera when associated with the electronic flash de-
vice, and the synchronous switch S, being arranged to
be closed when the camera shutter has reached the fully
open position, a high-impedance resistor Ry, a differen-
tiation circuit comprising a capacitor C, and a resistor
R;, the parts R and C, also constituting a timing circuit
having a time constant of a few milliseconds for assur-
ing that the flash tube L 1s fired only once at a desired
instant in time, and a silicon rectifier diode or thyristor
D, having a gate control electrode connected through
the differentiation circuit to the collector electrode of
the transistor Q, having an anode electrode connected
through a resistor R4 to the cathode electrode of the
rectifier diode D, and having a cathode electrode con-
nected to the negative terminal of the battery E.

The trigger circuit comprises a capacitor C; having
one pole connected to a point on the connection be-
tween the resistor Rgand thyristor D,, and a pulse trans-
former T having a primary coil connected to the other
pole of the capacitor Cs and having a secondary coil
connected to the trigger electrode L, of the flash tube L,
the charge circuit for the capacitor C;being made up of
the resistor R,

The operation of the electronic flash dev1ce of FIG.
1 is as follows. When the power switch S, is closed, the

voltage of the battery E is increased by the direct cur-
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rent voltage booster circuit C, then rectified by the
- diode D,, and then applied to the main storage capaci-
tor C,. Thus capacitor C, is charged to a high voltage.
At the same time, the capacitor C, is charged through

the resistor R, to a voltage equal to the Zener voltage of 5

the Zener diode D,, and the capacitor C,is also charged
through the resistor R, and the emitter and base elec-
trodes of the transistor Q until the voltage of the capaci-
tor C; reaches the voltage of capacitor C,. Also the
capacitor Csis charged through the resistor R and the
primary coil of the transformer T. When the charging
of the main capacitor C, has been completed for assur-
ing the firing of the flash tube L, a charge-completion
indicating circuit not shown is operated to display the
charge completion state. With the electronic flash de-
vice of this state, it is impossible to give an electrical

10

15

shock to the operator when his finger is accidentally put

into contact with the terminals of the synchronous
switch S,, because the voltage applied across the termi-
nals of the synchronous switch S, is so small as to be
equal to the voltage of the capacitor C;, namely, a few
volts, or less than one volt. This aspect of the electronic
flash device of the invention leads to almost no occur-
rence of sparks which would be otherwise effected
when the synchronous switch S, is closed.

When the synchronous switch S, of the camera (or
the trigger switch of the electronic flash device) is
closed, the capacitor C,1s discharged through the resis-
tor R;, diode D;and switch S,, causing a decrease in the
base potential of the transistor Q. Hence the transistor Q
which has so far been in the non-conductive state is
rendered conducting. When the transistor is turned on,
the electrical charge of the capacitor C, flows through
the transistor ) and charges the capacitor C, at an ex-
tremely rapid rate to a voltage at which the differentia-
tion circuit produces a differential pulse with a magni-
tude large enough to insure that the thyristor D, is ren-
dered conductive. Upon actuation of the thyristor D, by
this pulse, the electrical charge of the capacitor Cs is
discharged in a pulsating form through the thus-con-
ductive thyristor D, and the primary coil of the trigger
transformer T, causing a very high voltage to be gener-
ated in the secondary coil of the transformer T. Thus
the flash tube L is triggered and this results in a dis-
charge in the flash tube L. which emits an intense flash
of light.

It will be appreciated that whilst the prior art pro-
- vides the synchronous switch S, as arranged in the dis-
charge path of the trigger capacitor Cs, the present
invention contemplates the use of a pulse produced by
transferring the electrical charge of the capacitor C,
which is supplied from a constant voltage source of the
resistors R, and R, and the Zener diode D, to the capaci-
tor C, in response to the switching operation of the
transistor Q. This serves for controlling the discharging
operation of the capacitor Cs to actuate the trigger
transformer T, so that the synchronous switch S, of the
camera may be operated with application of a very
small electrical energy thereto necessary to control the
operation of the transistor Q. Therefore, the comsump-
tion of the synchronous switch can be reduced to a very
small level, and moreover the shock which the operator
feels when he is brought into contact with the synchro-
terminals can also be avoided. |

Provision is made for insiiring that the flash tube L is
fired only once at a desired instant in time regardless of
the subsequent accidental closure of the synchronous
switch S,. Such accidental closure may occur succes-
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sively one or more times in a specified short pertod of
time, for example, regardless of the occurrence of
bounce contact of the synchronous switch S;. The
aforementioned provision for a single firing is made at
the resistor R, which has a high impedence and is con-
nected in the discharge path of the capacitor C,. The
latter forms the differentiating circuit together with the
resistor Rs. This mechanism operates as follows. When
the synchronous switch S, is closed to render conduct-
ing the transistor Q, which in turn causes conduction of
the thyristor Dy, the capacitor C; is instantaneously
discharged through the thyristor D,. As soon as the
discharging of the capacitor Cshas been completed, the
thyristor D, is rendered non-conducting. Now assuming
that the synchronous switch S, is caused to bounce in a
time period shorter than the above identified period
after the initial intentional closure of the synchronous
switch S, and to open for a moment, the transistor Q is
immediately turned off to permit the discharge of the
capacitor C, through the resistor R;. Because of the
high impedance of the resistor R,, a considerable time
duration is required until the electrical charge stored on |
the capacitor C, is discharged completely. As the syn-
chronous switch S, is closed after the bounce contact,
therefore, the subsequent conduction of transistor Q
does not result in application of a trigger impulse to the
thyristor D, for the conduction thereof again. B
In order to protect the transistor Q from damage due
to the large current flow therethrough, while still per-
mitting the control of the thyristor D, with a large elec-
trical power, there is provided the voltage divider of
the resistor R, and R, as arranged so that a very small
current is allowed to flow through the resistor R, from
the capacitor C, to the transistor Q in combination with
the capacitor C,as arranged to provide a large electrical
power for the conducting operation of the thyristor D,
with reliability and rapidly. Instead of the use of the
voltage divider, it is possible to connect the emitter
electrode of the transistor Q directly to the main storage
capacitor C, as in the prior art. In this case, however,
although the rapid and reliable transferrence of the
thyristor from the non-conducting to the conducting
state can be secured, a large current is caused to flow
not only through the flash tube L but through the tran-
sistor Q and the differentiating circuit from the capaci-
tor C; with the result that the total flash energy avail-
able from the prior art flash device is considerably
smaller than that available in the present invention with

respect to the equivalent consumption of electrical en-

ergy of the power source battery E. According to the
present invention, almost all the electrical energy stored
on the main storage capacitor C, is directed to the flash
tube L to save a decrease of the total amount of flash
energy emitted which would be otherwise effected, and
in addition to such an advantage it is possible to achieve
rapid striking of the flash tube L with the increased
rehiability of operation thereof, |

In FI1G. 2, there is shown a second embodiment of the
electronic flash device according to the present inven-
tion, wherein the same reference characters and numer-
als have been employed to denote the similar parts to
those shown in FIG. 1. The circuit of FIG. 2 includes a
battery E, a power switch S, a booster circuit C, a
diode D,, a main capacitor C,, a synchronous switch S,,
resistors R4 through Ry, capacitors C,and Cs, a thyristor
D,, a pulse transformer T and a flash tube L, these parts
being arranged in the same way as that of FIG. 1. The
circuit of FIG. 2 further includes three resistors 21, 22
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and 23 connected in series with each other, a npn tran-
sistor 24 having a collector electrode connected

through the resistor R; 21 to the cathode electrode of
the diode D,, having a base electrode connected to a
point on the connection between the resistors 22 and 23 5
and having an emitter electrode connected to the nega-
tive bus and therefrom connected to a second synchro-
terminal T,, a diode D, connected between a first syn-
chro-terminal T, and the resistor 23, and a reverse cur-
rent-preventing diode 25 connected between the nega- 10
tive bus and a point on the connection between the .
resistor 23 and diode D;. - |

In operation of the device of FIG. 2, when the power
switch S, 1s closed, the main capacitor i1s charged to a
high voltage. At the same time, a small current is al-
lowed to flow through the resistors 21 and 22 to the
base of the transistor 24, thereby the transistor 24 1s
rendered conducting, and the capacitor Cs is also
charged, but the capacitor C,is not charged because of
the conduction of the transistor 24. Next, when the 20
synchronous switch S, of the camera is closed, the po-
tential of the base electrode of the transistor 24 is
dropped to a level almost equal to the potential of the
emitter electrode, and the transistor 24 is rendered non-
conducting causing a current to flow through the resis-
tor 21, capacitor C,and the resistor R, thereby a pulse
is produced across the resistor R;. Upon advent of this
pulse to the gating control electrode of the thyristor D,,
the electrical charge previously stored on the capacitor
C, is caused to flow through the thyristor D, to the 30
primary coil of the transformer T which is turn causes
generation of a high voltage pulse in the secondary coil
of the transformer T. When this high voltage pulse is
applied to the trigger electrode of the flash tube L, the
electrical charge stored on the main capacitor C, is
discharged through the flash tube L for an extremely
short time duration to emit an extremely intense flash of
light. In this second embodiment, the voltage with
which the synchronous switch S, operates is almost
equal to the voltage Vzzbetween the base and emitter 40
electrodes of the transistor 24, so that a similar effect to
that of the first embodiment, that 1s, the operator does
not feel an electrical shock on the accidental contact of
his hand with the bare terminals of the synchronous
switch S,, and furthermore no successive accidental 45
firing of the flash tube can be effected by the bounce
contact of the switch S,.

FIG. 3 shows a third embodiment of the invention
which is different from the first embodiment of FIG. 1
in that a Zener diode 31 is inserted between the collec- 50
tor electrode of the transistor Q and the capacitor C,of
the differentiating circuit, and a reverse current pre-
venting diode 32 is inserted between the first and second
synchro-terminals T; and T;. With this insertion of the
Zener diode 31, the gating control electrode of the
thyristor D, is supplied with a pulse of a certain speci-
fied voltage level. Instead of using this Zener diode 31,
it is possible to use a trigger diode 44 as shown in FIG.
4 wherein 41 and 42 are resistors, and 43 is a capacitor.

Referring to FIG. 5, there is shown a fifth embodi-
ment of an electronic flash device according to the
invention as associated with a firing time control circuit,
wherein the power supply and trigger circuits and the
control circuit for the trigger circuit of the fifth embodi-
ment remain substantially unchanged from the first
embodiment, and wherein the same reference charac-
ters and numerals have been employed to denote the
similar parts to those of the first embodiment. In FIG. 3,
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there is shown a capacitor 51 connected across the
resistor R, of the voltage divider, and another capacitor
52 connected between the emitter electrode of transis-
tor Q and the base electrode of a pnp transistor 54 hav-
ing an emitter electrode connected through a resistor 53
to the base electrode of the transistor Q and having a
collector electrode connected through a Zener diode 55
to the negative bus. The base electrode of the transistor
54 is further connected through a diode D5 to the first
synchro-terminal T;.

The firing time control circuit comprises a sensor
circuit, a difference type comparator circuit and a
switching circuit for controlling the period of energiza-
tion of the flash tube L in accordance with the level of
brightness of an object being photographed. The sensor
circuit comprises an integrating capacitor 57 and a light
sensitive element 58 such as a photovoltaic cell con-
nected in series with the capacitor 57 and arranged to
receive light coming from the object with illumination
of flash light. The output of the sensor circuit is con-
nected through a resistor 60 to the base electrode of a
pnp transistor 59 constituting part of the difference type
comparator. The comparator further includes a pnp
transistor 61 having an emitter electrode connected
both to a point on the connection between the Zener

- diode 55 and the collector electrode of the transistor 54

through a resistor 62 and to the emitter electrode of the
transistor 59, a variable resistor 67 having a slidable tap
connected to the base electrode of the transistor 61 to
set into the comparator an exposure control parameter
value dependent upon the film speed, aperture value
and the like, and an output stage resistor 63 connected
to the collector electrode of the transistor §9. The
switching circuit includes a npn transistor 64 having a

base electrode connected through a resistor 65 to the
output terminal of the comparator, having a collector
electrode connected to a resistor 66, and having an
emitter electrode connected through a resistor 68 to the
negative bus, and also connected to a gating control
electrode of a first thyristor 74. The switching circuit
further includes a second thyristor 71 connected in
series with the flash tube L. and having an anode elec-
trode connected through a commutation capacitor 72 to
a point on the connection between a resistor 73 and the
anode electrode of the first thyristor 74, the resistor 73
serving as a charging path for the capacitor 72. The
gating control electrode of the second thyristor 71 is
connected both to the negative bus through a capacitor
70 and to a point on the connection between the cath-
ode of the thyristor D,and a resistor through a diode 69.
T, and T, are synchro-terminals arranged in a hot shoe
of a camera to be connectable with the respective syn-
chro-terminals T, and T; extending out of the electronic
flash device. S, is a synchronous switch mentioned
above having movable and fixed contact members con-
nected to the synchro-terminals T, and T, respectively.

The operation of the circuit of FIG. 5 is as follows.
When the power switch S, is closed, the capacitors C;,
Csand 31 are charged. In this state, it is of no electrical
shock for the operator to put his finger on the synchro-
terminals T; and T; at the same time, because of the
application of a low voltage thereto almost equal to the
voltage V zzbetween the base and collector electrodes
of the transistor 54.

With the electronic flash device assembled with the
camera at the synchro-terminals in the hot shoe as
shown in FIG. 5, when the synchronous switch S, is
closed, the transistors 54 and Q are supplied with cur-
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rents at their base electrode, and simultaneously ren-
dered conducting. At the time when the transistor Q is
rendered conducting, the electrical charge stored on the
capacitor 54 is initiated to be rapidly discharged
through the transistor Q, capacitor C, and resistor R,
thereupon a pulse is produced across the resistor R..
Upon advent of this pulse to the thyristor D,, the thy-
ristor D, is rendered conducting to permit a rapid dis-
charging of the electrical charge previously stored on
the capacitor Cs through the resistor and the primary
coil of the transformer T which in turn causes genera-
tion of a high voltage pulse in the secondary coil of the
transformer T. This high voltage pulse is applied to the
trigger electrode L, of the flash tube L. On the other
hand, the conduction of the thyristor D, results in appli-
cation of a pulse to the gating control electrode of the
thyristor 71, thereby a fraction or all of the electrical
energy stored on the main capacitor C, is allowed to be
discharged through the flash tube L and the thyristor 71
to emit a flash of light for a time duration as determined
by the flash time control circuit.

As the transistors Q and 54 are rendered conducting,
a drive voltage is produced across the Zener diode 55,
thereby the flash time control circuit is rendered opera-
tive. Responsive to the light reflected from the object
being photographed with illumination of the flash light
from the flash tube L, the light sensitive element 58
produces a photo-current which is then integrated by
the capacitor §7. When the output voltage of this inte-
grator circuit reaches a reference voltage set in the
variable resistor 67, the transistor 64 is rendered con-
ducting to produce a voltage across the resistor 68,
which is applied to the thyristor 74. When the thyristor
74 1s rendered conducting, the electrical charge stored
on the commutation capacitor-72 is applied through the
thyristor 74 to the cathode of the thyristor 71, thereby
the thyristor 71 is rendered non-conducting to termi-
nate the duration of energization of the flash tube L. As
a result, the exposure of the film not shown in the cam-
era 1s controlled in accordance with the level of bright-
ness of the object as sensed by the light sensitive ele-
ment 38 and other preselected exposure control parame-
ter values. | |

As shown above, according to the present invention,
the electronic flash device is so designed to apply to the
synchro-terminals or synchronous switch a low volt-
age, for example, a few volts available as a Zener volt-
age of a Zener diode, or as a voltage between the emit-
ter and base electrodes of a transistor, or less than 1
volts available as a voltage between the base and collec-
tor electrodes of a transistor, so that even when the
operator puts his finger on the synchro-terminals or
synchronous switch without caution, he feels no electri-
cal shock. Furthermore, almost no sparks are caused to
occur so that the wearing out of the terminals is pre-
vented, and no error firing of the flash tube due to the
bounce contact of the synchronous switch can be ef-
fected. Such advantages become move valuable particu-
larly when an additional flash tube or tubes is or are
used in combination with the intrinsic flash tube.

A further feature of the invention is that the initiation
of firing of the flash tube L is effected in a sufficiently
short period of time after the closure of the synchronous
switch S, by the provision of a capacitor C, or 51 to
prevent the flash exposure from being made in a particu-
lar region of the image, the other region of which is
exposed. under day-light illumination along, as being

often encountered in the prior art.
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What is claimed is:

1. An electric flash device for a camera comprising:

(a) flash means for producing a light energy and hav
ing trigger and cathode electrodes; '

(b) a capacitor coupled to said flash means for storing

“an electrical energy to be.converted into the light
energy in said flash means; o

(c) a voltage divider circuit connected in parallel
with said capacitor and having an output terminal;

(d) trigger pulse producing means coupled to said

~ trigger electrode for supplying a trigger pulse to
the trigger electrode of said flash means and includ-
ing a thyristor having a control electrode;

(e) a PNP transistor coupled to the voltage divider
circuit for impressing a voltage derived from the
voltage divider circuit on the control electrode of
said thyristor; the transistor having an emitter elec-
trode connected to an output terminal of the volt-
age divider circuit, a collector electrode connected
to the control electrode of said thyristor and a base
electrode; T _ o

(f) a camera flash synchronizing switch connected to
said base electrode of said PNP transistor for actu--
ating the PNP transistor; and

(g) a one-way conductive element connected in series
with said synchronizing switch to prevent high
voltages at the synchronizing switch from appear-
ing at said PNP transistor. |

2. An electric flash device for a camera comprising:

(a) a flash tube for producing a light energy and hav-
ing trigger and cathode electrodes:;

(b) a capacitor coupled to said flash tube for storing
electrical energy to be converted into the light
energy in said flash tube; |

(c) a resistor divider circuit connected in parallel with
said capacitor;

(d) trigger pulse producing means coupled to said
trigger electrode for supplying a trigger pulse to
the trigger electrode of said flash tube and includ-
ing a thyristor having a control electrode; |

(¢) a PNP type transistor coupled to said divider
circuit and said pulse producing means for impress-

- ing a divided voltage from the resistor divider
circuit on the control electrode of said thyristor:
the transistor having an emitter electrode con-
nected to an output terminal of the resistor divider
circuit, a collector electrode connected to the con-
trol electrode of said thyristor and a base electrode;

(f) electric energy storage means connected between -
the base electrode of said PNP type transistor and
the cathode electrode of said flash tube;

(8) camera synchronizing switch connected in paral-
lel with said electric energy storage means for
actuating the PNP type transistor; and |

(h) a one-way conductive element connected in series
with said synchronous switch for preventing high
voltage application from the synchronizing switch

-~ onto the PNP type transistor.

3. An electric flash device according to claim 2,
wherein said one-way conductive element is. a diode.

4. An electric flash device according to claim 2,
wherein said one-way conductive element includes a
diode having an anode electrode connected to the base
electrode of said transistor.

S. An electronic flash device according to claim 2,
further comprising a differentiation circuit connected
between the collector electrode of said transistor and
the control electrode of said thyristor for supplying the
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thyristor with a differentiation pulse to energize the resistors of said resistor divider circuit to supply a
thyristor. constant voltage to said transistor. |
6. An electronic flash device according to claim 1, 7. An electronic flash _dewce according to f:lalm 6,
wherein said resistor divider circuit includes a pair of  further comprising capacitor means connected in paral-
resistors, and further comprising: 5 lel with said Zener diode.
a Zener diode connected in parallel to one of said x k k & %
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